FSC. In control rats, the FSC-channel construct was exposed to 5 freeze/thaw cycles to produce non-viable (Anderson et al., 1995; Bregman, 1987; Giovanini et al., 1997; Pallini et al., 1989; Reier et al., 1986; Tessler et al., 1988) . In neonatal animals, FSC grafts rescue immature axotomized neurons from retrograde cell death and support the growth of axons from the host central nervous system (CNS), both into and through the site of injury (Bregman & BemsteinGoral, 1991; Diener & Bregman, 1998) . In adult animals, FSC-mediated regeneration is relatively limited (Jakeman & Reier, 1991 (Xu et al, 1995a; Xu et al, 1999 (Berry et al., 1988; Hall & Berry, 1989; Ide et al., 1983; Smith & Stevenson, 1988 
Perfusion of Animals
At the end of the survival period, graft recipients were anesthetized with sodium pentobarbital (60mg/kg, i.p.) and transcardially perfused with normal saline, followed by 500 ml of modified Zamboni fixative (Holets et al., 1987) , using a Masterflex perfusion pump (American Medical Systems, Cincinnati, OH). Host spinal cords were dissected out and placed into 0.1 M phosphate-buffered saline (PBS). A 1 mm-thick transverse section was taken from the graft midpoint, placed overnight in a fixative solution of 2.5% glutaraldehyde and 5% sucrose in 0.1 M cacodylate buffer (pH 7.4), and then processed for both light and electron microscopy (EM). The remaining graft tissue, along with the attached rostral and caudal spinal cord segments, was post-fixed overnight in the same perfusion fixative before being transferred to 30% sucrose buffer for immunohistochemical preparation.
Light and Electron Microscopy
The tissue taken from the middle of the graft was immersed for 1 hr in 1% osmium tetroxide in 0.1 M cacodylate buffer. Next, the tissue was rinsed in buffer, dehydrated in graded alcohol and in propylene oxide, and then embedded in Spurr's (1969) was injected iontophoretically into the cord bilaterally, 1.5 mm beneath the cord surface and 3 mm rostral to the implanted mini-guidance channel. The methods for PHA-L injection and subsequent tracer visualization were previously described (Xu et al., 1995b (Gerfen & Sawchenko, 1985) and were reported previously 
RESULTS
The lesion created in this model system interrupts the connectivity of ascending and descending axons within the hemisected side of the spinal cord. After the hemicord segment was removed, an FSC-containing mini-channel was implanted at this site. At the end of the 30 day survival period, grafts were present in all transplant cases, including the FSC grafts that were exposed to freeze/thaw cycling. FSC grafts (Fig. 2) bridged the entire rostro-caudal extend of the lesion cavity, making intimate contact with both rostral and caudal host hemicord stumps. The widest extent of typical FSC graft occurred at the interfaces between the host and graft, which then narrowed toward the center of the minichannel (Fig. 2) .
In (Xu et al., 1995a; , the overall intensity of the GFAP immunostaining appeared mild. (G, arrows) , and individual astrocytes (G, arrowheads) were seen to be present within the graft.
Bars: A-C 100tm; D-E 10pm; F-G 100tm.
Light and Electron Microscopy
In toluidine blue-stained, semi-thin cross sections, the FSC tissue cables were surrounded by epineurial-like cells and appeared to be well vascularized. Neurolucida plots of myelinated axons were taken from semi-thin sections (Fig.   4A, B) . In viable FSC grafts (Fig. 4C) (Fig. 6) , among which islands of CNS-like areas were found (Fig. 7) . The PNS-like areas contained fascicles of axons surrounded by perineurial-like cells (Fig. 6A ). Within these fascicles, single axons were myelinated by typical Schwann cells (Fig. 6A, insert) (Fig. 7) .
PHA-L Anterograde Tracing
The anterograde tracer PHA-L was delivered into the spinal cord, 3 mm rostral to the channel, to assess the growth of axons into FSC grafts, as well as to assess the potential for the same axons to re-enter the distal host spinal cord. In viable FSC grafts (n=5), numerous anterogradely labeled axons were identified throughout the length of the FSC tissue cable (Fig. 8 ). Although many axons had reached the distal graft-host interface, and some of the labeled axons penetrated the interface for a short distance, long-distance axonal growth into the distal host spinal cord was not observed.
FB and DY Retrograde Tracing
The retrograde tracers, FB and DY, were delivered into the respective rostral and caudal host spinal cord to determine if grafted fetal neurons had survived and had extended their axons into the host spinal cord at, or beyond, the site of dye injection. In both animals used for this investigation, the fluorescent dyes were confined to a small area, with no dye spreading to the hostgraft interfaces. Within the FSC graft, most neurons found contained either FB or DY, indicating that axons from these neurons had penetrated through the respective rostral and caudal interfaces to arrive at, or beyond, the sites of tracer injection. These two markers are readily differentiated not only by color but also by distribution. Whereas DY labeling is confined mainly to the nucleus, FB labels the cytoplasm.
Interestingly, a subpopulation of neurons in the graft were double labeled with both FB and DY (Fig. 9) . The double labeled cells were interpreted as possessing axon collaterals projecting beyond both rostral and caudal host-graft imerfaces into the host spinal cord, at least 2 mm from the ends of the channel.
DISCUSSION
The purpose of this study was to investigate whether a FSC graft could survive within a minichannel transplantation environment and promote axonal growth in a partially lesioned adult rat spinal cord. This model is characterized by a midthoracic hemisection of the spinal cord, the implantation a neural cell-or tissue-filled miniguidance channel, and the restoration of CSF circulation (Xu et al., 1999) . We demonstrated that fetal tissue survived and bridged both the rostral and caudal ends of the lesion cavity within 30 days after transplantation. We also found substantial longitudinal axonal growth into the graft. Within the graft, large areas consisted of a PNS-like environment containing numerous fascicles of myelinated and unmyelinated axons.
In addition, a smaller proportion of CNS-like areas, characterized by the presence of neurons, neurites, synaptic contacts, and CNS glia, were also observed. In control grafts in which the FSC tissue underwent repetitive freeze/thaw cycling approximately 10-fold fewer myelinated axons were present within tissue cables. We finally demonstrated that neurons within the FSC graft extended axons into the host spinal cord, at least for 2 mm from both the rostral and the caudal host-graft interfaces. In contrast, the control grafts appeared to be undergoing degenerative changes within 30 days after channel implantation.
The hemisection/mini-channel implantation model used in this study has a number of unique features that lend themselves to the investigation of tissue transplantation in the injured adult spinal cord (Xu et al., 1999) . For example, suturing of the dura restores CSF circulation around the graft after transplantation, which may help to reestablish a normal CNS microenvironment and may also possibly mimic that following a closed SCI. Further, the permeability of the guidance channel wall allows a continuous flow of CSF, (Bamber et al., 1998; Xu et al., 1995a; Xu et al., 1999; (Xu et al., 1995b) or the administration of methylprednisolone, a steroid hormone (Chen et al., 1996) (Iwashita et al., 1994; Reier et al., 1986) (Anderson et al., 1995; Reier et al., 1986) and neonatal FSC grafts (Bregman, 1987) . These results suggest that FSC grafts are capable of supporting supraspinal axonal growth. In addition, we previously identified supraspinal axons growing into Schwann cell-seeded minichannel grafts that were implanted into midthoracic lesion sites in adult rats (Xu et al., 1999 (Chen et al., 1996) or trophic factors (Houle et al., 1996; Xu et al., 1995b; Ye & Houle, 1997 ), were applied. The distance between the site of axotomy and the involved neuronal somata may also be critical for successful axonal regrowth (Aguayo, 1985) . scar. In the present study, qualitatively less astrogliosis (as indicated by increased GFAP immunoreactivity) was seen at the host-graft interfaces, as compared with a similar preparation using grafts of Schwann cells (Xu et al., 1995c; Xu et al., 1999) . Such a decrease in the relative amount of astrogliosis following grafting supports the concept that FSC tissue delays or reduces the glial response and negative interaction between the host and graft. This outcome has been suggested as one of the benefits of using FSC tissue in repairing CNS lesions (Hallas, 1984; Kriiger et al., 1986) . Quantitative analysis of glial scar formation has demonstrated that certain animals show an altered and partially disrupted glial boundary at the interfaces after grafting FSC tissue into chronically injured spinal cord lesions (Houle, 1992 (Houle et al., 1996; . (Xu et al., 1999) . We now demonstrate the viability of grafting FSC tissue within miniguidance channels. Additional manipulations, such as administering neurotrophic factors, could be used to promote further axonal growth and the re-entry of axons from the grafts back into the host spinal cord. Our long-term goal is to find a combination of cells and factors that maximizes axonal growth and promotes meaningful fimctional recovery in the injured adult spinal cord.
